The purpose of the present study was to investigate the role of child temperament and diabetes-related environmental demands on the adjustment of children with insulin-dependent diabetes mellitus (IDDM); and to investigate the role of these 'The authors gratefully acknowledge the contributions of Philip W. Wirtz, Randi Streisand, and Gayathri Athisekevan.
same variables on diabetes control. Considerable research has been devoted to exploring the impact of IDDM on psychological adjustment. While some find that IDDM places children at increased risk for behavioral and emotional difficulties (Jacobson et al., 1990; Kovacs et al., 1985) , others report that most youths adjust well to their illness (Hanson et al., 1989; Johnson, 1980; Wysocki, Huxtable-Jester, Linscheid, & Wayne, 1989) . This variability has also been observed in the literature on children with other chronic illnesses (Cadman, Boyle, Szatmari, & Offord, 1987; Wallander, Vami, Babani, Banis, & Wilcox, 1988) .
In response to this wide variation, researchers have begun exploring the factors which may account for individual differences in psychological adjustment. Two factors have been hypothesized to account for these differences: a child's temperament, and the environmental demands to which the child is expected to respond. Temperament is a constitutional, biologically based construct that underlies an individual's characteristic behavioral style (Chess & Thomas, 1986; Goldsmith et al., 1987) . Behavioral styles are determined, in part, by individual differences in such dimensions as activity, flexibility, emotionality, and rhythmicity (Goldsmith et al., 1987) . Environmental demands refer to the behavioral expectations placed on an individual within a specific context. For example, the behavioral expectations for a child in a classroom setting will certainly be different from the behavioral expectations for a child in a playground setting. In the present study, we are interested in exploring the environmental demands placed on children regarding their responsibilities for their own diabetes care.
According to the model developed by Thomas and Chess (1977) , the extent of an individual's adjustment to a chronic illness is determined by the fit or match between one's environmental demands or expectations, and one's temperament (Lerner, Lerner, & Zabaski, 1985; Lerner, Palermo, Spiro, & Nesselroade, 1982; Chess & Thomas, 1986) . That is, one must determine the extent to which an individual's temperament coincides with the demands of the environment in order to predict that individual's psychological adjustment.
Understanding the influence of temperament and environmental demands on the psychologic adjustment of chronically ill children is a recent but increasingly active area of research. Although a body of literature exists that explores the influence of child temperament and environmental demands on normal children's psychologic adjustment, only a handful of studies exist exploring this relationship among chronically ill youths (Lavigne, Nolan, & McLone, 1988; Varni, Rubenfield, Talbot, & Setoguchi, 1989; Wallander, Hubert, & Varni, 1988) .
Two studies have addressed the role of temperament in children with IDDM. Rovet and Ehrlich (1988) assessed the relationship between temperament and diabetes control among 51 latency age youths. Results suggest that tempera-ment variables were significantly related to diabetes control. In particular, children who were more active, who preferred routines, who responded to stress with less intensity, who were less attentive, and who tended to have more negative moods, were in better diabetes control. This study did not address the issues of environmental demands or psychosocial adjustment. Garrison, Biggs, and Williams (1990) similarly assessed the relationships between temperament and diabetes control among 34 children between the ages of 3 and 10. The temperament variables of negative mood and high attention span were significantly related to better diabetes control. Again, the study did not address the issues of environmental demands or psychosocial adjustment.
In the present study, we were concerned about the environmental demands or expectations parents and children have regarding responsibility for the diabetes regimen. An increasingly large body of literature suggests that children's glycemic control is better when parents are actively involved in their child's diabetes regimen (Anderson, Auslander, Jung, Miller, & Santiago, 1990; Wysocki, Hough, Ward, Allen, & Murgai, 1992) . In one of the first studies to address this issue, Anderson et al. (1990) found that when no one in the family takes responsibility for the child's diabetes care, their glycemic control suffers. Similarly, Wysocki and his colleagues (Wysocki, Hough, Ward, Allen, & Mugai, 1992; Wysocki, Hough, Ward, & Green, 1992; Wysocki, Meinhold, et al., 1992) have published a series of studies which suggest that adherence to the diabetes regimen is better in children who have family support for their diabetes care. In addition, children seem to need their parent's involvement most when engaging in tasks requiring planning, anticipation and self-regulation.
Consideration of the relationship between temperament and environmental demands is particularly relevant to children with IDDM given its requirements for medical management. That is, diabetes treatment requires adhering to a daily schedule of blood tests, shots, diet, and exercise. Given the demanding nature of this daily routine, individual differences in a child's psychological adjustment and diabetes control may be better understood by exploring these variables. This study addresses three questions: (a) Are child temperament variables related to psychological adjustment and/or diabetes control? (b) Are diabetes-specific environmental demands related to adjustment and/or control? (c) Does consideration of the interaction between temperament and environmental demands enhance the prediction of adjustment and/or diabetes control?
Within the context of these three questions, we offer three hypotheses. First, children with temperaments enabling them to exhibit regularity in their daily habits, who are more task-oriented and persistent, and who have a flexible behavioral style w^Jl exhibit higher levels of psychosocial adjustment and be in better diabetes control than those who do not exhibit these temperament characteristics. Second, families in which parents assume the majority of responsibility for their child's diabetes care, or where such responsibility is shared between the parent and child, will have children who exhibit higher levels of psychosocial adjustment and be in better diabetes control than those families in which the child is solely responsible for his/her diabetes care. Third, children who exhibit regularity in their daily habits, who are more task-oriented and persistent, and who have a flexible behavioral style will show positive psychological adjustment and good glycemic control regardless of who assumes responsibility for the diabetes regimen. Children who do not exhibit these traits will only show positive adjustment and good control if their parents assume primary responsibility for the diabetes regimen.
METHOD

Participants
The parents of 117 children attending consecutive diabetes clinic outpatient appointments at a children's hospital in a major metropolitan area who were at least 1 year postdiagnosis participated. Children's age range was 5-18 years (M = 11.5, SD = 3.4), and 54% of the children were male. Duration of IDDM ranged from 1.08-16.25 years (M = 5.56, SD = 3.05). Eighty-four percent of the children were Caucasian and 14% were African American. Socioeconomic status (SES) was assessed via Hollingshead classifications. Three percent were Level 1, 8% were Level II, 20% were Level III, 49% were Level IV, and 20% were Level V. Thus, the majority of families were in the middle to upper-class range.
Measures
The Dimensions of Temperament Survey Revised (DOTS-R; Lerner et al., 1982 ) is a 54-item questionnaire which was derived from the New York Longitudinal Study (Thomas, Chess, & Birch, 1968) . The DOTS-R was chosen because it was developed to identify age-continuous features of temperament from early childhood to young adulthood (Lerner et al., 1982; Windle & Lerner, 1986) . The questionnaire asks the primary caregiver to assess his/her child's temperament for each of the following dimensions: activity level, approach/ withdrawal, flexibility/rigidity, mood, rhythrnicity, and task orientation. Higher scores indicate, respectively, higher general activity levels, a tendency to approach new tasks, a flexible behavioral style, a positive mood, more regularity in daily habits, and higher persistence with lower distractibility. The reliability and validity of this measure appears to be high, with Cronbach alphas ranging from a low of .68 for task orientation to a high of .89 for activity level and mood (Windle & Lerner, 1986) . Cronbach alphas for the present sample were as follows: activity level = .70, approach/withdrawal = .80, flexibility/rigidity = .64, mood = .87, rhythmicity = .77, and task orientation = .85.
Diabetes-specific environmental demands were measured via the Diabetes Family Responsibility Questionnaire (DFRQ; Anderson et al., 1990 ), a 17-item questionnaire completed by parents, which assesses expectations about who is responsible for the multiple aspects of the child's diabetes regimen: the child alone, the parent alone, or a shared responsibility. Higher scores on the DFRQ indicate the child is primarily responsible for the regimen demands, whereas lower scores indicate the parent is primarily responsible for the regimen demands. The original measure appears to have adequate internal consistency (for the total scale a = .85) and concurrent validity (Anderson et al., 1990) . The Cronbach's alpha for the total scale in our sample was .89.
Adjustment was measured via the Child Behavior Checklist (CBCL; Achenbach, 1991), an empirically derived 113 item questionnaire which measures social competence as well as behavior problems. The reliability and validity of this measure is high (Achenbach, 1991) and has been reported extensively. Higher scores on the behavior problems scales indicate worse behavioral adjustment. Higher scores on the social competence scales indicate better social adjustment.
Glycohemoglobin (HbAlC) was measured by Quicksep column (Biorad Laboratories). All blood was obtained and analyzed by the same laboratory, with a normal range of 3.4-6.1. Higher HbAlC's indicate worse metabolic control. Demographic information was also obtained from each parent.
Procedure
Subjects were asked to participate in the study while at a regularly scheduled outpatient clinic visit for their child's IDDM care. The study's purpose was reviewed with each parent. Ninety-seven percent of the families approached agreed to participate. However, complete data were collected on only 80% of the families because of the time demands required for completing the questionnaires. Written informed consent was obtained from each parent who agreed to participate, and anonymity was explained and assured. Parents were then asked to complete each questionnaire (all were self-administered), and a research assistant was available to answer any questions that arose. After parents completed the questionnaires, each child went to the hospital laboratory and a blood sample of the child was obtained for an HbAlC. Table 1 presents descriptive information on the study measures. Inspection of the HbAlC values suggests that this population was in excellent diabetes control. Inspection of the adjustment measures suggests that this population was also relatively free from adjustment difficulties. The demographic variables of age, sex, duration, race, and SES have consistently been found to be significantly related to the outcome measures of HbAlC and adjustment. Therefore, the present study sought to assess the incremental variance accounted for by temperament and environmental demands after controlling for the effects of the demographic variables. Table II presents the demographic correlates (age, sex, duration, race, and SES) of the variables in the present study. Older youths appeared to have more responsibility for their diabetes care, to be more task-oriented and to be sadder than their younger peers. Boys appeared to be more active, more regular in their daily habits, and less task-oriented than girls. Children who have had IDDM for a long time tended to accept more responsibility for their regimen than children who have had IDDM for a shorter time. Caucasian youths showed better social competence and were more comfortable in approaching new tasks than their nonCaucasian peers. Children from lower SES backgrounds showed more behavior problems, poorer social competence and poorer HbAlC values than did their wealthier peers.
RESULTS
Temperament and Adjustment
To determine whether temperament relates uniquely to psychological adjustment, hierarchical multiple regression analyses were computed with behavior problems and social competence each as criterion variables. To address the possibility of multicollinearity among the temperament variables, hierarchical multiple regressions via hierarchical decomposition were completed in two stages. In both stages, the order of entry specified that the demographic variables were to be entered in the first block. In the first stage, we entered each of the six temperament variables individually (six separate analyses) in the second block.
In the second stage, we used a simultaneous-entry procedure for the second block to allow each temperament variable to enter the equation last, after controlling for the other five temperament variables. Any temperament variables that remained significant (using the Bonferroni correction of p < 01) should be indicative of a true relationship to the outcome variables, and not due to multicollinearity.
As shown in Table III , in the first stage of analysis the temperament variables of activity level, flexibility/rigidity, and task orientation appeared to account for a significant proportion of unique variance beyond that accounted for by the influence of the demographic variables. In the second stage of analysis, activity level and flexibility/rigidity remained significant. Therefore, it is unlikely that multicollinearity is an issue for these two variables, although it might be an issue for task orientation. In sum, children from higher SES backgrounds showed fewer behavioral problems than their less wealthy peers, and girls showed fewer behavioral problems than boys. Children who engaged in lower activity levels and who displayed more flexible behavioral styles were seen by their parents as having fewer behavioral problems than children with other temperament styles. When social competence served as the criterion, the temperament variables of task orientation, approach/withdrawal, and mood appeared to account for a significant proportion of unique variance beyond that accounted for by the influence of the demographic variables. In the second stage of the analysis, only task orientation remained significant. Therefore, it is unlikely that multicollinearity is an issue for task orientation, although it might be an issue for approach/ withdrawal and mood. In sum, children from higher SES backgrounds were seen by their parents as more socially adjusted than their less wealthy peers. Children who displayed higher levels of persistence and lower levels of distractibility were seen by their parents as having fewer social competence difficulties than children with other temperament styles.
Temperament and Diabetes Control
To determine whether temperament relates uniquely to diabetes control, a hierarchical multiple regression via hierarchical decomposition was conducted Full-model coefficient of determination = F(l 1, 90) = 2.65, p < .01
with HbAlC serving as the criterion variable. As stated above, two stages of analysis were conducted to address the possibility of multicollinearity. In the first stage, the temperament variable of flexibility accounted for a significant proportion of unique variance in HbAlC beyond that accounted for by the influence of the demographic variables (Table IV) . In the second stage, flexibility and mood appeared to be significant. This suggests a suppressor effect, such that the relationship between mood and HbAlC has been suppressed due to the effect of the relationship between mood and the other predictor variables. In sum, youths from higher SES backgrounds were in better metabolic control than their less wealthy peers. Youths who displayed more flexible behavioral styles and who showed more negative moods were in better metabolic control than those youths who displayed other temperament styles.
Environmental Demands and Adjustment
To determine whether environmental demands relate uniquely to psychosocial adjustment, two hierarchical multiple regressions were computed, with behavior problems and social competence each serving as criterion variables. The demographic variables were entered first. The environmental demand variable (DFRQ) was entered in the second step. As seen in Table V , environmental demands for the diabetes regimen accounted for a significant proportion (4%) of unique variance in behavior problems beyond that accounted for by the influence of the demographic variables. The more children were expected to be responsible for their own diabetes regimen, the more behavior problems they displayed. Environmental demands did not account for a statistically significant proportion of unique variance in social competence. 
Environmental Demands and Diabetes Control
To determine whether environmental demands relate uniquely to diabetes control, a multiple hierarchical regression was computed with HbAlC serving as the criterion variable. Results revealed that environmental demands did not add a significant proportion of unique variance in diabetes control after accounting for the influence of demographic variables.
Goodness of Fit: Temperament and Environmental Demands
To evaluate the interactive role of temperament and environmental demands in predicting both behavior problems and HbAlC (the goodness-of-fit model), two hierarchical multiple regressions were conducted which included interaction terms between the temperament and environmental demand variables. As before, the demographic variables were entered first to determine the incremental variance accounted for by the temperament, environmental demand, and interaction variables after controlling for the effects of the demographic variables. When behavior problems served as the criterion, we entered the temperament variables that were found to be significant predictors of behavior problems (activity level and flexibility/rigidity) in the second step. The environmental demand variable was entered in the third step, and the interaction terms (Activity X Environmental Demand and Flexibility/Rigidity x Environmental Demand) were entered last. The temperament variables were selected for Step 2 and the environmental demand variable was selected for Step 3 to maximize contributions to the behavior problems criterion based on the regression coefficients obtained in the previously reported analyses. The interaction term did not add a statistically significant proportion of unique variance in behavior problems.
When HbAlC served as the criterion, we entered the temperament variables that were found to be significant predictors of HbAlC (flexibility/rigidity and mood) in the second step. The environmental demand variable was entered in the third step, and the interaction terms (Flexibility/Rigidity x Environmental Demand and Mood X Environmental Demand) were entered last. Again, the temperament variables were selected for Step 2 and the environmental demand variable was selected for Step 3 to maximize contributions to the HbAlC criterion based on the regression coefficients obtained in the previously reported analyses. The interaction term did not add a statistically significant proportion of unique variance in HbAlC.
DISCUSSION
The purpose of our study was to assess the possible role of child temperament and environmental demands on psychological adjustment and diabetes control. The demographic variable of socioeconomic status was consistently related to the outcome measures, with youths coming from more privileged backgrounds showing less adjustment difficulties and better metabolic control than their less fortunate peers. The demographic variable of sex also showed a significant relationship with the outcome measure of behavior problems. In particular, boys showed greater behavior problems than girls. The relationship between demographic variables and the variables of behavior problems and diabetes control is consistent with previous research (Hanson et al., 1989; Hanson, DeGuire, Schinkel, Henggeler, & Burghen, 1992; Johnson, Freund, Silverstein, Hansen, & Malone, 1990; Johnson, Silverstein, Rosenbloom, Carter, & Cunningham, 1986) . The present study sought to evaluate the incremental variance accounted for by temperament and environmental demands after controlling for the effects of the demographic variables. Therefore, the remainder of the Discussion addresses that issue.
With respect to psychological adjustment, the temperament variables of activity level and flexibility/rigidity were consistently related to parent's perceptions of their child's behavior problems. Children who engaged in lower activity levels and who displayed more flexible behavioral styles were seen by their parents as having fewer behavioral problems than children with other temperament styles. In addition, task orientation was consistently related to social competence. Children who displayed higher levels of persistence and lower levels of distractibility were seen by their parents as more socially adjusted than children with other temperament styles. These findings are in keeping with our hypotheses, and suggest that it is important for children with diabetes to be capable of modifying their behavior flexibly to meet the changing demands of the illness. It also suggests that persistence helps youths prevent diabetes from interfering with their social and academic activities. The finding that youths with increased activity levels have increased behavior problems may be explained by the rela-tionship between high activity levels and externalizing behavior problems, such as hyperactivity and aggression.
With respect to the diabetes-specific environmental demand variable, the more responsibility children had for their own diabetes regimen, the more they displayed difficulties in behavioral adjustment. Again, this finding is in keeping with our hypotheses and confirms the importance of parental participation and monitoring of their child's diabetes care (Anderson et al., 1990; WeissbergBenchell et al., 1995) . In addition, older youths accepted greater responsibility for their diabetes care than their younger peers, a finding which is consistent with previous research (Wysocki, Hough, Ward, & Green, 1992) .
In terms of metabolic control, the temperament variables of flexibility and mood were related to HbAlC. Youths who displayed more flexible behavioral styles and who showed more negative moods were in better metabolic control than were youths with other temperament styles. The relationship between flexible behavioral style and metabolic control was in keeping with our hypothesis, and suggests that individuals who can adapt to changing demands may possess the necessary coping skills for handling the stressful and unpredictable nature of diabetes care. The relationship between negative mood and metabolic control was also found in the studies completed by Garrison et al. (1990) and Rovet and Ehrlich (1988) . It may very well be that youths achieve good metabolic control at the sacrifice of happiness, as suggested by both of these researchers. An alternative hypothesis is that good metabolic control increases the incidence rates of low blood sugars, which often causes mood lability. Given that the temperament questionnaire was completed via parent report, parents may see their children in good metabolic control as being more emotionally labile than their siblings or peers, and then attribute that lability to mood difficulties as opposed to low blood sugars. It is important to note that over 62% of our population had HbAlCs under 8.0, and only 5% of our population had HbAlCs over 9.5. Such excellent control among our population certainly carries the increased risk of low blood sugars. Further understanding of the relationship between mood and diabetes may be found in a number of longitudinal studies that have followed children after the diagnosis of diabetes (Grey, Cameron, Lipman, & Thurber, 1995; Kovacs, Brent, Steinberg, Paulauskas, & Reid, 1986) . Grey et al. (1995) found that children with diabetes experienced a higher rate of depressed mood than their normal peers up to 2 years postdiagnosis. Clearly, further studies are needed to help clarify the relationship between diabetes and negative mood.
Limitations of this study include the use of a cross-sectional, rather than longitudinal, design. Therefore, we cannot offer information about causal relationships among the variables studied. Only a controlled longitudinal study can clarify the direction of the relationships among temperament, environmental demands, adjustment, and diabetes control. In addition, all data collected were based on parent report. Therefore, the observed relationships among the vari-ables studied may merely be a function of the perceptions of the parents. Future studies should assess temperament, environmental demands, and adjustment using multiple informants to avoid the possibility of a monorespondent bias. Another limitation of the study is the fact that most of the subjects were from relatively high SES groups, and most of the youths were in very good diabetes control. These features may limit the generalizability of the present study's findings.
The results of the present study lead us to ask a number of questions. First, why didn't environmental demands contribute more variance in adjustment and metabolic control? Perhaps the measure we used, which evaluates family responsibility for diabetes care, was not the most critical or central in influencing diabetes control or psychological adjustment. Further exploration of a more appropriate measure of environmental demands (perhaps general family functioning as seen in Varni et al.'s (1989) work) should be done. Second, why did our temperament variables account for a considerably lower amount of variance in HbAlC than was found in Rovet and Ehrlich's (1988) study? It may be that we used a different measure of temperament. We also used a different laboratory method for measuring the HbAlC.
Finally, we were interested in determining what, if any, similarities could be found among the present study, Rovet and Ehrlich's (1988) study, and Garrison et al.'s (1990) study. One challenge to finding commonalities was the fact that Rovet and Ehrlich used a different measure of temperament than did the other two studies. Nevertheless, all three found that better metabolic control was related to negative mood. In addition, both Garrison et al. (1990) and Rovet and Ehrlich (1988) found that better metabolic control was related to higher activity levels. Our results found a nearly significant relationship between activity level and HbAlC (p = .06) at the univariate level, although that relationship was no longer significant once we controlled for the demographic variables (which the other studies did not control for). Clearly, further studies need to be completed to provide a more thorough understanding of these issues.
The study's findings suggest that clinicians should attend to the temperament of their patients and should encourage ongoing parental involvement in their child's diabetes care. Intervention studies which teach children strategies for improving persistence and flexibility should be designed to determine whether such strategies improve psychological adjustment and/or diabetes control.
